The reaction of N-benzyl-C-phenylnitrone (1a) with a variety of mono-and 1,1-disubstituted alkenes (2A-P) was carried out under various conditions and the results ware * To whom correspondence should be addressed. The regio-and stereoselectivity of the 1,3-dipolar cycloaddition reactions of C-aryl-N-alkylaldonitrones (1a-e) with some alkenes were found to be affected significantly by the addition of Lewis acid. The rate of the reaction was also affected by adding the Lewis acid. In the reactions using allyl alcohol as a dipolarophile an addition of Lewis acid caused a remarkable acceleration of the reaction and a great change in the stereoselectivity. In the reactions using ethyl acrylate as a dipolarophile the regioselectivity was reversed whether the reaction was performed in the presence or the absence of Lewis acid; i.e. isoxazolidine-5-carboxylates were obtained mainly in the absence of Lewis acid although isoxazolidine-4-carboxylates were obtained mainly in the presence of Lewis acid. When the reaction of C,N-diarylaldonitrones (1k, 1m, 1n) with ethyl acrylate was carried out in the presence of Lewis acid, the cleavage of the N-O bond of the cycloadducts giving g g-aminoalcohols was also observed besides a reverse phenomenon of regioselectivity.
1,3-Dipolar cycloaddition reaction has been known to be one of useful methods for the synthesis of five-membered heterocycles. [1] [2] [3] Some five-membered heterocyclic rings found in the structure of natural products has been built up directly by the reaction. 3, 4) Though several dipoles other than nitrones have been used for the synthesis of natural products, nitrones have been found to have wide applications. 4) Some functional groups found in the structure of natural products have been known to be prepared all at once by ring-opening reaction of the cycloadducts. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The structure and stereochemistry of the cycloadducts depend largely on electronic nature of dipole and dipolarophile because 1,3-dipolar cycloaddition reaction is one of representative concerted reactions. [1] [2] [3] Total synthesis of natural product has been effectively achieved by using 1,3-dipolar cycloaddition that shows high selectivity in stereo-, regio-, and diastereoselectivity. Some Diels-Alder reactions have been known to be speeded up and to proceed stereo-and regioselectively by adding Lewis acid. [22] [23] [24] On the other hand, another situation occurs in 1,3-dipolar cycloaddition reaction because 1,3-dipoles show zwitter ionic character. Most 1,3-dipoles have been known to react with Lewis acid to give stable ionic salts and, consequently, any cycloaddition reaction was not observed. On the other hand, a few 1,3-dipoles have been known to react with Lewis acid to give unstable ionic salts that exhibit 1,3-dipolar nature and undergo high selective cycloaddition reaction with dipolarophiles. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] ) Some 1,3-dipolar cycloaddition reactions of nitrones and alkenes have been known to be speeded up and to proceed stereoand regioselectively by introducing Lewis acid (see Chart 1 31) and 2 36) ). The Lewis acid can complexed with both the nitrone and the dipolarophile in the reaction shown in Chart 1. 31) Two transition states shown in the Chart may be regarded as significant. Diastereoselectivity of the reaction has been well explained on the basis of the difference of steric hindrance in the two transition states. The benzoyl group of C-benzoylnitrone has an influence on the regioselectivity of the cycloaddition reaction shown in Chart 2. 36) In these examples shown above, Lewis acid can also interact with several functional groups other than oxygen atom of nitrone group. In this study, we investigated some effects of Lewis acids on the reaction of nitrone that substituted with two hydrocarbon groups (inert group to Lewis acid) with dipolarophile that substituted with one functional group (active group to Lewis acid). Concretely, C,N-diaryl-and Nalkyl-C-arylaldonitrones were chosen for the substrate. CAlkylaldonitrones were not chosen because of the thermoinstability. Results from the C,N-diaryllnitrones were quite different from those from C-aryl-N-alkylnitrones by appearance, though the exact nature of the two reactions is the same. summarized in Chart 3 and Table 1 . All four possible cycloadducts (3, 3, 4, 4), two regioisomers and the two stereoisomers, were obtained from the reactions using electron-deficient alkenes such as ethyl acrylates (2A) and acrylonitrile (2B). On the other hand, an exclusive formation of one regioisomer, 5-substituted isoxazolidines, was observed in reactions using the other types of alkenes (2C-P) as a dipolarophile. Any reaction was not observed in the treatment of 1a with isopropenyl acetate (2Q) and methyl isopropenyl ether (2R) at the temperature below 110°C. The structure of the cycloadducts was established as below. C-Aryl-N-methylnitrone has been known to react with styrene or the other monosubstituted alkenes to give 5-substituted isoxazolidines regioselectively 43, 51) (see Chart 4 51) ). The structures of major and minor products of the reaction have been known to be cis-and trans-3,5-disubstituted isoxazolidines (3 and 3), respectively, on the basis of the analyses of the 1 H-NMR spectra 51) : though, in cis-isomer, the magnetic environment of one proton (Ha) at 4-position of the isoxazolidines is quite different from that of the other proton (Hb) at the same position of the ring, those of the corresponding two protons (Hc, Hd) of trans-isomer resemble each other. In other words, the difference in the chemical shift of the two protons (Ha, Hb) in cis-isomer (3) is larger than those in trans-isomer (3). The major formation of cis-isomer (3) can be explained as a result of sterically unhindered exo attack of the two substrates in the transition state of the reaction (see Chart 5) .
The chemical shifts of methylene protons (Ha, Hb, Hc, Hd) at 4-position of exo and endo cycloadducts of 1a and alkenes (2A-G) were shown in shielding effect of the latter group. The methylene protons of the ester group of 4aA appears at d 3.70 ppm though those of 4aA at d 4.26 ppm. Major product from the reaction of Nmethylnitrone (1b) with ethyl acrylate (2A) has been reported to be not 3A but 3A. 49) The result differs from our one. Therefore, a reduction was carried out to the major product with a view to obtaining definite information on the structure. Our elucidation was found to be correct from the evidence that the spectra of the reduction product were fully consistent with those of cis-2-benzyl-5-(hydroxymethyl)-3-phenylisoxazolidine (3aG) that obtained form the reaction of 1a with allyl alcohol (2G) (see Chart 6) .
The structures of cycloadducts (3aB, 3aB, 4aB, 4ЈaB) from acrylonitrile (2B) were deduced from the comparison of their 1 H-NMR spectra with those of 3aA, 3aA, 4aA, and 4aA, respectively. To make sure of the structures of cycloadducts from acrylonitrile a functional group transformation of cyano group into ester group was also done. The structure of cycloadducts (3aN, 3aN) from ethyl methacrylate (2N) was decided tentatively by considering the cycloaddition reaction mechanistically as shown below.
The formation of four cycloadducts, i.e., two regioisomers and two stereoisomers, may be supposed for the 1,3-dipolar cycloaddition reaction of nitrone (1a) with monosubstituted alkenes or 1,1-unsymmetrically disubstituted alkenes. Though one regioisomer, 5-monosubstituted or 5,5-unsymmetrically disubstituted isoxazolidine (3aC-3aP, 3aC-3aP), was formed exclusively in many reactions (runs No. 11-15, 20-26, 28) summarized in Table 1 , a formation of a small amount of the other regioisomer, 4-substituted isoxazolidine (4aA, 4aA, 4aB, 4aB), was also observed in the reaction with electron-deficient alkenes such as acrylate (2A) and acrylonitrile (2B) (runs No. 1, 9). These results are consistent with previous studies on 1,3-dipolar cycloaddition reaction of nitrone. [1] [2] [3] [42] [43] [44] [45] [46] [47] [48] [49] [50] The formation and the ratio of two stereoisomers can be explained on the basis of both electronic and steric factors as follows. Aldonitrones such as 1a have been known to be stable in Z-configuration. [1] [2] [3] [42] [43] [44] [45] [46] [47] [48] [49] [50] 52) Monosubstituted alkenes such as 2C-M have been known to have relatively high HOMO and to undergo exclusively a dipole-LUMO/dipolarophile-HOMO controlled reaction with the Z-aldonitrone (1a) (see Chart 7). [1] [2] [3] Though the reaction proceeds with high regioselectivity, the stereoselectivity of the reaction was poor one. Transition states leading to two stereoisomers are shown in Chart 5. Steric repulsion between substituents in the exo transition state that leading to cis-3,5-disubstituted isoxazolidine (3) is smaller than those in endo transition state that leading to trans-one (3). Consequently, 3 was formed exclusively (see runs No. 11-15, 20-26, 28) .
A dipole-HOMO/dipolarophile-LUMO controlled reaction also occurs beside a dipole-LUMO/dipolarophile-HOMO controlled reaction in cases using 2A and 2B because the energy level of LUMO of these alkenes is very low in comparison with that of 2C-2M. The former reaction leads 4-substituted isoxazolidines (4aA, 4aA) and the latter one leads 5-substituted isoxazolidines (3aA, 3ЈaA) (see Chart 7). Taking into account of steric factor shown in Chart 5, 3aA may be supposed to be formed mainly. But the endo-adduct (3aA) was generated in an amount larger than exo-adducts (3aA). This result can be explained as a result of secondary orbital interaction between the ester group with the nitrogen atom of nitrone group (see run No. 1 in Table 1 ).
The results of the reaction of 1a with ethyl methacrylate (2N) can be explained as follows. LUMO of methacrylate (2N) is higher than that of acrylate (2A) and, consequently, a dipole-HOMO/dipolarophile-LUMO controlled reaction hardly occurs. Thus, 4N and 4N were not obtained from the reaction. In the exo transition state of Chart 5, more bulky substituent (methyl group) occupies exo position and ester group occupies endo position in which the secondary orbital interaction shown above acts effectively. In the endo transition state, two unfavored situations cooperate. Thus, the amount of exo-adducts (3aN) exceeded that of endo adducts (3aN).
The order of the reactivity of various alkenes towards nitrone (1a) could be estimated from the Table 1 to be 2A, 2B (electron-deficient monosubstituted alkenes)Ͼ2N, 2P (electron-deficient 1,1-disubstituted alkenes)Ͼ2C (alkene substituted with conjugative group)Ͼ2D (electron-rich alkenes substituted with powerful electron-donating group)Ͼ2E (electron-rich alkenes substituted with weak electron-donat-ing group)Ͼ2F-M (unactivated alkenes)Ͼ Ͼ2Q, 2R (electron-rich 1,1-disubstituted alkenes). It was found from this result that nitrone (1a) shows the representative reactivity known as Sustmann type II.
Many reactions of allyl alcohol (2G) with a variety of Nmethylnitrones (1b-j), of which carbon atom was substituted with a variety of aryl groups, were also carried out. The results were summarized in Chart 6 and Table 3 . The results similar to that from 1a were obtained in all cases except for two nitrones (1f, 1j). In the case of C-mesitylnitrone (1f) the nitrone was recovered unchanged and this result can be explained as a result of the steric effect of the bulky mesityl group, i.e., the coplanarity of mesityl group and nitrone group was broken by the steric hindrance and, consequently, the reactivity of the nitrone (1f) was reduced remarkably. In the case of C-(2-furyl)nitrone (1j) an exclusive formation of trans-3-(2-furyl)-5-(hydroxymethyl)-isoxazolidine (3jG) was observed. At present we could not find a reasonable explanation for this result.
1,3-Dipolar Cycloaddition Reaction of N-Alkyl-C-arylnitrones with Dipolarophiles in the Presence of Lewis Acid
The reaction of C-aryl-N-alkylnitrone (1a-j) with alkenes (2A-P) was also carried out in the presence of a variety of Lewis acid under various conditions. In reactions using allyl alcohol (2G) or ethyl acrylate (2A) as a dipolarophile some remarkable changes were observed and the results were summarized in Table 1 and 3 . As a result of employing some different types of Lewis acid as the catalyst it was found that magnesium bromide etherate was the most effective catalyst to cause a dramatic change (see runs No. 2, 5-8, 16, 19) . The minimum amount of the catalyst needed to cause the dramatic change was found to be an equimolar amount with nitrone (see runs No. 2-4).
Comparing the result from the Lewis acid catalyzed reaction of 1a and ethyl acrylate (2A) with that of uncatalyzed reaction, two obvious changes were observed (see runs No. 1, 2). One is a retardation of the reaction by adding Lewis acid and the other is a remarkable change in both the stereoselectivity and the regioselectivity. Isoxazoline-4-carboxylates (4, 4) were always the main product in the Lewis acid catalyzed reactions. The serious retardation of the reaction was observed in cases using Lewis acid other than magnesium bromide. The retardation of the reaction can be explained as follows. Stable salt, which shows no reactivity toward 2A, was formed from nitrone (1a) and magnesium bromide at once. The stable salt is in equiliblium with 1a and free liberated Lewis acid but the equiliblium constant is so small that the 912 Vol. 50, No. 7 a) All reactions were carried out in toluene at the refluxing temperature. b) Ten-fold excess of allyl alcohol was used. c) All reactions using Lewis acid were carried out under nitrogen atmosphere. An equimolar amounts of Lewis acid and nitrone was used in all catalyzed reactions. d) Trans-isomer (3hG) was found to be suffered succeeding complex reactions and disappeared upon long heationg under the conditions. cycloadducts were formed gradually. The major formation of isoxazolidine-4-carboxylates in the Lewis acid catalyzed reactions can be explained as a result of nitrone-HOMO/dipolarophile-LUMO interaction (see Chart 9) . Though the interaction is small in the absence of Lewis acid, it is significant in the presence of Lewis acid because a chelation of Lewis acid with carbonyl oxygen atom of acrylate occurs and, consequently, an energy level of the LUMO lowered considerably.
Comparing the result from the Lewis acid catalyzed reaction of 1a and allyl alcohol (2G) with that of uncatalyzed reaction, two obvious changes were observed (see runs No. 15, 16) . One is an acceleration of the reaction by adding the Lewis acid and the other is a remarkable change in the stereoselectivity. This result may be explained on the basis of the difference of the nitrone's configuration as follows. Though the stable configuration of nitrone (1a) has been known to be Z-form in the absence of Lewis acid, it may be E-form in the presence of Lewis acid. The formation of salts between nitrone (1a) and magnesium bromide is apparent by the separation from the benzene solution of sparing soluble precipitate, from which the nitrone (1a) was recovered quantitatively by the treatment with aqueous alkaline solution. The salt reacts gradually with allyl alcohol to give nitrone-magnesium-allyl alcohol complex, in which magnesium can be ragard as an atom that binds E-nitrone and allyl alcohol in the situation like E-exo transition state (see Chart 10) .
Some derivatives of allyl alcohol, such as O-acylated allyl alcohol (2H), O-allylated allyl alcohol (2K), a-alkylated allyl alcohols (2I, 2J), and allyl methyl sulfid (2L), were also examined. Though these dipolarophiles behave in a similar manner as allyl alcohol (2G) in the absence of Lewis acid, a quite different behavior was observed in the presence of Lewis acid. These dipolarophiles (2H-L) can not form the binded exo transition state because the steric hindrance around the oxygen atom and, consequently, no cycloadduct was formed. Both substrates were recovered in high yield from the reaction mixtures.
When the phenyl group at the carbon atom of nitrone (1b) was substituted for more bulky aromatic groups such as 2-tolyl, 2-naphthyl, and o-anisyl, the E-exo transition state shown in Chart 10 may become more favorable one than Zexo transition state. But the introduction of these aryl groups has brought about no improvement in the stereoselectivity (compare run 30 with runs 32, 34, and 36 in Table 3 ). At present we could not find a reasonable explanation for this result.
When the phenyl group at the carbon atom of nitrone (1b) was substituted for heteroaromatic groups, those are capable of chelating with Lewis acid effectively, such as 2-pyridyl, 6-methyl-2-pyridyl, and 2-quinolyl groups, the Z-exo transition state shown in Chart 11 may become more favorable one than E-exo transition state. 37) In fact, the former two nitrones (1g, 1h) gave cis-cycloadducts (3gG, 3hG) exclusively. On the other hand, owing to the strongness of the chelation between 2-quinolyl group and Lewis acid, Lewis acid may be interacted only with nitrone (1i) to give stable salt and, consequently, any cycloaddition reaction with allyl alcohol may not be expected (see run 48). However, trans-cycloadduct (3jG) was obtained from the catalyzed reaction, that took place more rapidly than analogous non-catalyzed reaction. It is obvious that Lewis acid acts in the rete-determining step of the reaction but we could not find a reasonable explanation for this result at present.
Reactions of nitrone 1a with nine dipolarophiles other than acrylate, allyl alcohol and the some derivatives (2A, 2G, 2H-K) were also carried out in the presence of magnesium bromide. In cases of styrene (2C), allyl bromide (2F), allyl methyl sulfid (2L), 1-octene (2M), and methacrylonitrile (2P) both starting materials were recovered unchanged and this result may be ascribed mainly to the formation of stable salt between 1a and magnesium bromide. In cases of electron rich alkenes such as butyl vinyl ether (2D) and vinyl acetate (2E) any cycloadducts were not obtained because the Lewis acid caused the polymerization of the alkenes in preference to cycloaddition with 1a. In cases of acrylonitrile (2B) and ethyl methacrylate (2N), minor changes in the regio-and/or stereoselectivity were observed though the drastic retardation of the reaction rate was also observed.
The Effect of Lewis Acid on 1,3-Dipolar Cycloaddition Reaction of C,N-Diarylnitrones with Dipolarophiles
The reaction of C-phenyl-N-arylnitrones (1k-n) with ethyl acrylate (2A) or ethyl methacrylate (2N) was carried out under several conditions and the results were summarized in Chart 12 and Table 4 . In the absence of Lewis acid the formation of all or some of four possible cycloadducts (3, 3, 4, 4) was observed and the total yield of the cycloadducts went up to over 96%. This result resembles to that of the corresponding N-alkylnitrone (1a). However, the isolated yields of cycloadducts were poor in the similar reactions that carried out in the presence of magnesium bromide because the cycloadducts undergo further ring opening reaction under the reaction conditions. Products from these catalyzed reactions were not isoxazolidines (3, 3, 4) , but g-aminoalcohols (5, 6, 8), a ring opening product of the isoxazolidines and its brominated one, and benzalaniline (7). The rate of consumption of N-arylnitrone (1k-n) was slower in the catalyzed reaction than in the non-catalyzed one.
The generation of g-aminoalcohols (5, 6, 8) can be explained as a result of a ring-opening reaction of initial cycloadducts, 2,3-diarylisoxazolidines (3, 3, 4, 4) , because the former compounds were obtained effectively by the treatment of the latter compounds with magnesium bromide (see Chart 13 and Table 5 ).
The regioselectivity of the cycloaddition reaction could be deduced from the comparison of the total amount of isoxazolidine-5-carboxylates and the ring opening products (3, 3, 5, 8) with that of isoxazolidine-4-carboxylates and the ring opening products (4, 4, 6) (see Table 4 ). In the reaction of nitrones (1k-n) with ethyl acrylate (2A), two opposite results in regioselectivity were obtained whether the reaction was carried out in the presence or the absence of Lewis acid. This result may be explained in a similar manner as described in the reaction of N-alkylnitrone (1a) with 2A.
Similar reactions using ethyl methacrylate (2N) or styrene (2C) instead of 2A were also carried out. Comparing the result from the Lewis acid catalyzed reaction of 1k and ethyl acrylate (2N) with that of uncatalyzed reaction, a retardation of the reaction by adding Lewis acid was observed and g-(2- 5kN, 5kN) were the only isolable compounds from the reaction mixtures. A remarkable change in both the stereoselectivity and the regioselectivity was not observed. Both cycloadduts and g-aminoalcohols were not obtained from reaction of 1k-n with styrene (2C) in the presence of Lewis acid.
Reaction Mechanism of the Ring Opening Reaction of Isoxazolidines Following reagents have been known so far to be effective for the reductive cleavage of N-O bond of isoxazolidine; LiAlH 4 , 10, 11, 17) Zn/AcOH, [14] [15] [16] 21) Raney nickel, 9) H 2 -Pd/carbon, 8, 13, 18, 21) H 2 -PdCl 2 , 12) and H 2 -Pd(OH) 2 .
12,20) Though our method described above contains a problem that aryl group at the nitrogen atom of the isoxazolidines suffers bromination, it may be simplest method for the cleavage of N-O bond of isoxazolidines.
The mechanism of the formation of g-(2-bromoaryl)-aminoalcohols (5) from 2-arylisoxazolidines (3) may be explained as a result of a series of reactions via path A shown in Chart 14; i.e., (i) chelation of magnesium bromide to the oxygen atom of 2,3-diphenylisoxazolidiens (3), (ii) heterolysis of the N-O bond to give carbocation, (iii) a nucleophilic addition of bromo anion to ortho-position of the 2-phenyl group in the isoxazolidine ring, (iv) a prototropy giving magnesium salt of g-(2-bromoaryl)aminoalcohol, and (v) hydrolysis of the salt to free g-(2-bromoaryl)aminoalcohol (5) in working up the reaction mixture with water. Though another more directive pathway (path B in the Chart 14) that consists of concerted bromination reaction may also be supposed, this could be ruled out by the following evidence. 3-(2-Bromophenyl)amino-1,3-diphenyl-1-propanol (5kC), N-(4-bromophenyl)-3-amino-1,3-diphenyl-1-propanol (7kC), and 3-(phenylamino)-1,3-di-phenyl-1-propanol (8kC) were obtained in 13, 28, and 10% yields, respectively, from the treatment of 2,3,5-triphenylisoxazolidines (3kC), prepared by the reaction of 1k and styrene (2C) in the absence of Lewis acid, with magnesium bromide. The formation of the latter compound (7kC) can be explained only by stepwise bromination shown in path A.
Though similar reaction mechanism was reported on the reaction of N-arylisoxazolidine with hydrochloric acid, 53, 54) a quite different mechanism may be proposed for the ringopening reaction from the evidence that the generation of a small amount of non-brominated g-aminoalcohole (8kC, 8mN) was observed.
It has been known that several reductants are effective for the reductive cleavage of the N-O bond of isoxazolidines. We described in this paper that Lewis acid is effective to give drastic changes in the stereoselectity and the regioselectivity in nitrone cycloaddition and also effective to give reductive cleavage of the N-O bond of the 2-phenylisoxazolidines reagent though the benzene ring of the 2-phenylisoxazolidines underwent halogenation reaction.
Experimental
1 H-NMR spectra (300 MHz) and 13 C-NMR spectra (75 MHz) were measured and expressed in ppm (d) using residual CHCl 3 (d: 7.26) and CDCl 3 (d: 77.0), respectively, as the internal standards. Infrared spectra (IR) were recorded on a Nicolet Model 205 spectrophotometer. High resolution mass spectra (HRMS) (EI, unless otherwise stated) were taken for most of the key liquid products together with, or in place of, elemental analyses. Melting points were obtained on a Yanagimoto micro melting point determination apparatus and are uncorrected. Flush colum chromatography was performed using silica gel (Merck silica gel).
Materials C-Phenyl-N-benzylnitrone (1a) was prepared according to 
Preparation of C-Aryl-N-methylnitrones (1b-f ).
56-59) Typical Procedure: Preparation of N-Methyl-C-phenylnitrone (1b) To a chloroform solution (30 ml) of N-methylhydroxyl-amine hydrochloride (420 mg, 5.0 mmol) and benzaldehyde (530 mg, 5.0 mmol) was added triethylamine (750 ml, 7.5 mmol) and the mixture was stirred for 22 h at the room temperature. After an evaporation of the solvent by rotary evaporator, water was added to the white crystalline residue and extracted with benzene several times. The benzene solution was dried with anhydrous magnesium sulfate. Evaporation of the solvent by rotary evaporator gave colorless crystals, which was mixed well with cyclohexane and filtered to give N-methyl-Cphenylnitrone (1b) as colorless crystals in 78% yield (530 mg 
N-Methyl-C-(2-pyridyl)nitrone (1g)
In the same manner as described in the synthesis of 1b, nitrone (1g) was obtained as colorless crystals in 98% yield; mp. 45 6 Hz) .
Preparation of C,N-Diarylnitrones (1k-n). 56, 60, 61) Typical Procedure: Preparation of C,N-diphenylnitrone (1k) To a dispersion of zinc dust (31 g, 0.48 mol) in 50% aqueous ethanol (400 ml) was added nitrobenzene (25 g, 0.20 mol) with stirring. The reaction was initiated by the dropwise addition of a saturated aqueous solution of ammonium chloride (13 g, 0.24 mol). The temperature of the mixture rose to reflux by the addition of ammonium chloride (about 70°C). When the temperature of the reaction mixture dropped to 50°C, the basic zinc salts were filtered off by a glass funnel using a celite bed. Sodium chloride was added to the warm filtrate until the saturated solution was obtained. After cooling the mixture to room temperature, the mixture was further cooled in a freezer over a knight (at about Ϫ20°C). Colorless crystals of phenylhydroxylamine was precipitated from the solution and obtained in 66% yield (13.0 g) by filtration: mp. 78-80°C.
To an ethanol solution of phenylhydroxylamine (6.5 g, 66 mmol) was added benzaldehyde (7.0 g, 66 mmol) and the mixture was heated to reflux for 1 h. 40 (m, 2H) .
C-Phenyl-N-(4-chlorophenyl)nitrone (1n) In the same manner as described in the synthesis of 1k, nitrone (1n) was obtained from p-chloronitrobenzene as colorless crystals in 40% total yield; mp. 171-174°C (lit. 60) mp. 176-177°C); .51 g). The ratio of the four isomers (3aA, 3aA, 4aA, 4aA) was found to be 10 : 72 : 4 : 14, respectively, by the analysis of the 1 H-NMR spectra. Some of the four isomers were isolated by the chromatography though the yields were poor. Chloroform and the mixed solvent with ethanol were used for the eluent.
(3R*,5S *)-2-Benzyl-5-(ethoxycarbonyl)-3-phenylisoxazolidine ( The following compounds were prepared in yields shown in Table 1 (3R*,5R*)-5-Acetoxy-2-benzyl-3-phenylisoxazolidine (3aE): Reaction of 1b with Ethyl Acrylate (2A) A benzene solution (25 ml) of 1b (270 mg, 2.0 mmol) and ethyl acrylate (2.0 g, 20 mmol) was heated to reflux for 3 h. After an evapolation of the solvent and an excess amount of ethyl acrylate by rotary evapolator, colorless oily residue was passed through the column chromatography packed with silica gel to give cis-and trans-5-(ethoxycarbonyl)-2-methyl-3-phenylisoxazolidines (3bA, 3bA) and cis-and trans-4-(ethoxycarbonyl)-2-methyl-3-phenylisoxazolidines (4bA, 4bA) in 95% total yields (447 mg). The ratio of the four isomers (3aA, 3aA, 4aA, 4aA) was found to be 21 : 58 : 9 : 12, respectively, by the analysis of the 1 H-NMR spectra. Some of the four isomers were isolated by the chromatography though the yields were poor. Chloroform and the mixed solvent with ethanol were used for the eluent.
(3R*,5S*)-5-(Ethoxycarbonyl)-2-methyl-3-phenylisoxazolidine ( Reaction of C-Aryl-N-methylnitrone (1b-j) with Allyl Alcohol (2G) in the Absence of Lewis Acid These reactions were carried out according to the method described in the reaction of 1a with 2A except for using toluene as the solvent. Yields and the ratio of cis-and trans-3-aryl-5-(hydroxymethyl)-2-methylisoxazolidines (3, 3Ј) were summarized in Transformation of 3aA, 3aA, 4aA, and 4aA into 3aG, 3aG, 4aG, and 4aG To a suspension of lithium alminium hydride (110 mg, 2.9 mmol) in dry tetrahydrofuran (THF) (15 ml) was added a dry-THF solution (5 ml) of a mixture of 3aA, 3aA, 4aA, and 4aA (290 mg, 0.93 mmol; 10 : 72 : 4 : 14 mixture, respectively) at room temperature under an atmosphere of nitrogen and, then, the mixture was heated to reflux for 2 h with stirring. The reaction mixture was cooled down well and poured carefully into separatory funnel containing ice-water (50 ml). Saturated aqueous solution (20 ml) of potassium carbonate and chloroform (40 ml) were also added to the cooled mixture, which was shaken well. Emulsion thus formed was filtered through a glass funnel, fitted with Celite bed, and then the bed was washed well with chloroform. The chloroform layer was dried with anhydrous magnesium sulfate, from which the solvent was evaporated to give a mixture of 3aG, 3aG, 4aG, and 4aG (10 : 70 : 5 : 15 mixture, respectively) in 99% total yield (248 mg).
Alcoholysis of Nitrile (3aN) An ethanol solution (10 ml) of 3aN (300 mg, 1.14 mmol) and p-toluenesulfonic acid monohydrate (300 mg, 1.58 mmol) was heated to 120°C in a sealed tube and maintained at the temperature for 15 h with stirring. Evapolation of the solvent from the reaction mixture gave crystalline mass, which was dissolved in water and, then, extracted with chloroform several times. The combined toluene solution was dried with anhydrous magnesium sulfate, from which the solvent was evapolated by rotary evapolator. Viscous yellowish oily residue was passed
